Introduction
During food intake, flavor perception results from simultaneous activation of the gustatory, olfactory, and trigeminal sensation systems. Especially, olfactory stimulation through the retronasal pathway greatly contributes to the flavor perception of foods (Shephard, 2006; Verhagen & Engelen, 2006) .
The characteristic aroma of meat products greatly contributes to their overall acceptance (Shahidi, 1994) . It is known that volatile compounds determine the aroma attributes and contribute most to the characteristic of meat aroma (Mottram, 1998) . However, a limited number of volatile compounds actually contribute to the overall food aroma (Schieberle, 1995) .
Whereas the aroma compounds of cooked meat have been widely investigated using gas chromatography-olfactometry (GC-O). (Farmer & Patterson, 1991; Kerscher & Grosch, 1997; Kerscher & Grosch, 2000; Sollner & Schieberle, 2009; Christlbauer & Schieberle, 2009; Carrapiso et al., 2002a; Carrapiso et al., 2002b) , there is a lack of research about the aroma-active compounds of chicken soup stock.
Due to its desirable meaty flavor profile, chicken soup stock is commonly used as a base for savory dishes all over the world. The aroma compounds from chicken soup stock have been investigated (Wilson & Katz, 1972) , but little research has been conducted on the aroma-active compounds of chicken soup stock. The aromaactive compounds of cooked chicken have been investigated and ranked according to their relative aroma potency in relation to cooked chicken flavor (Gasser & Grosch, 1990; Kerler & Grosch, 1997; Farkas et al., 1997) . However, in those studies, the volatiles were isolated from raw chicken meat or pressure-cooked meat by simultaneous distillation/extraction, or from boiled chicken meat by direct extraction. To our knowledge, no study published in the available literature investigated aroma-active compounds of chicken soup stock in which volatiles were isolated from chicken soup stock, not from chicken meat. Therefore, the purpose of the present work was to identify the most aroma-active compounds in chicken soup stock and assess their contribution to the sensory characteristics.
Materials and Methods
Chemicals All chemicals were purchased from Sigma-Aldrich Japan Inc., Tokyo, Japan.
Preparation of chicken soup stock Whole chicken was purchased at a local market and cut into four pieces. The chicken was boiled for 2 min, followed by removal of the internal organs and scum. Pre-cooked chicken pieces (4000 g) were boiled in 6500 g of tap water for 4 h at low heat, which was then filtered to obtain clear chicken soup stock. The stock was stored at _ 21℃ until use.
Preparation of the volatile fraction of chicken soup stock
Chicken soup stock (20 mL) was extracted by steam distillation.
Extraction was carried out in a boiling water bath for 30 min under normal pressure until the distillate became 100 mL. Cyclopentanol was added as an internal standard (1 ppm in chicken soup stock).
The distillate was extracted with 100 mL of diethyl ether three times. The organic layer was combined and dried over anhydrous sodium sulfate. The extract was concentrated to 150 μl under a gentle stream of N 2 prior to analysis. GL Sciences Inc.). GC conditions were the same as for GC-MS described above. The FD factor for a compound was defined as the ratio of its concentration in the initial extract to its concentration in the most dilute extract in which aroma was detected by GC-O. The FD chromatogram presented herein was the average of three expert panelists.
Gas Chromatography-Mass Spectrometry (GC-MS)

Compound identification and quantification Compounds were
identified based on comparisons of GC retention indices (RI), mass spectra to the Wiley mass spectral database (John Wiley and Sons, Inc.) and aroma properties of unknowns with those of authentic standard compounds. The quantification of identified compounds in chicken soup stock was carried out using the peak area ratio of each compound to cyclopentanol. Peak area ratio was corrected with response factors of each compound, and response factors were calculated from the intensity ratio of each authentic compound to cyclopentanol using peak area in the total ion chromatogram. roast flavor (roast flavor at top to middle); animalic flavor (raw meat flavor at middle to after); overall similarity (overall similarity to chicken stock).
Samples: Taste-reconstituted chicken soup stock (t-Rec)
was prepared based on analysis data in the literature. (Dunkel & Hofmann, 2009) (Table 1) . A complete mixture of seven or four aroma compounds (CM7 or CM4, respectively) in which the FD factor was more than 16 or 64 was prepared by adding all seven or four aroma compounds to t-Rec at the same concentration as that in chicken soup stock.
Profiling: The evaluation was performed as follows: The solutions were presented to the panelists in small cups, and they were asked to rate the intensities of the above six aroma qualities in comparison to t-Rec and chicken soup stock on a scale of 1.0
(not perceivable, = t-Rec), 2.0 (weak), 3.0 (medium), 4.0 (strong), 5.0 (very strong, = chicken soup stock). The results obtained were averaged for each aroma note and plotted on a spider web diagram.
Sensory profiling by Omission Experiments (OM) Panel:
Sensory evaluation was conducted as described above.
Samples: Four model mixtures that omitted the following odorants from CM4 were prepared: OM1 omitted methylpyrazine; OM2 omitted 2-ethyl-4-methylthiazole; OM3 omitted 3-(methylthio)
propanal; OM4 omitted (E,E)-2,4-decadienal. Each model mixture was presented to the sensory panel in comparison to CM4.
Profiling: The evaluation was performed as described above. After isolation of chicken stock volatiles, the most aroma-active compounds in the extracts were identified by means of AEDA. In chicken soup stock, nine aroma-active compounds were identified in which the FD factor was more than 16 (Fig. 1 ).
Results and Discussion
Identification of aroma-active compounds
Among these, the following seven compounds were identified and quantified: methylpyrazine, 2-ethyl-4-methylthiazole, 3-(methylthio)propanal, 2-ethyl-1-hexanol, 3-methyl-2-cyclopentenone, 3-methylbutanoic acid and (E,E)-2,4-decadienal (Table 2) .
Comparison of reconstituted aroma mixture with chicken tock
To confirm the sensory impact of the identified aroma compounds on chicken soup stock flavor, the complete mixture of seven aroma compounds (CM7) in which the FD factor was more than 16 (except two unknown compounds) and four odor compounds (CM4) in which the FD factor was more than 64 were compared with t-Rec and chicken soup stock by sensory panel. Compared to t-Rec, the sensory score of CM7 and CM4, especially "fatty flavor" (1.0→4.4) and "animalic flavor" (1.0→4.6), were found to be strongly increased and reached almost the intensity of 5.0 observed for chicken soup stock (Fig. 2) . Additionally, there were no significant differences between the scores of CM7 and CM4 in all flavor descriptors. These data indicate that methylpyrazine, 2-ethyl-4-methylthiazole, 3-(methylthio)propanal and (E,E)-2,4-decadienal, in which the FD factor was more than 64, were the most aromaactive compounds in chicken soup stock. These compounds were successfully identified as key aroma compounds of chicken soup stock in this study.
Sensory profiling of the identified compounds
Omission experiments were performed to study sensory profiling of the individual identified compounds.
Compared to CM4, the intensities of several flavor descriptors of OM1 to OM4, especially OM3 and OM4, were found to be lower (Fig. 3) . The intensities of "roast" (2.7) of OM1 were much lower compared to that of CM4 (4.0) ( p < 0.001). This indicates that methylpyrazine contributes to the "roast" flavor profile in chicken soup stock. In the same way, the intensity of "roast meaty"
(2.1) and "roast" (2.9) of OM2 were much lower compared to those of CM4 (3.9, 4.0) ( p < 0.001), respectively. This indicates that 2-ethyl-4-methylthiazole contributes to "roast meaty" and "roast" flavor profiles. The intensity of "boiled meaty" (2.2) of OM3 was much lower compared to that of CM4 (4.2) ( p < 0.001).
3-(Methylthio)propanal contributes to "boiled meaty" flavor profiles. Also, the intensity of "fatty" (2.1) and "animalic" (2.4) and "boiled meaty" (3.2) of OM4 were much lower compared to that of CM4 (4.4, 4.6, 4.2) ( p < 0.001), respectively. (E,E)-2,4-decadienal contributes to "fatty" and "animalic" and "boiled meaty" flavor profiles.
On the basis of the data obtained, it can be concluded that methylpyrazine and 2-ethyl-4-methylthiazole contribute to "roast", whereas 2-ethyl-4-methylthiazole contributes to "roast meaty" in addition to "roast" flavors. 3-(Methylthio)propanal and (E,E)-2,4-decadienal have similar flavor profiles of "boiled meaty" but (E,E)-2,4-decadienal exhibits "fatty" and "animalic" flavor in addition to "boiled meaty" flavor. Additionally, they are important contributors to each characteristic flavor of chicken soup stock. This is the first study to confirm the key aroma compounds of chicken soup stock using aroma recombination and omission experiments and to investigate the roles of each aroma compound in chicken soup stock. However, the aroma-active compounds from cooked chicken have been investigated and ranked according to their relative aroma potency in relation to cooked chicken flavor (Gasser & Grosch, 1990; Kerler & Grosch, 1997; Farkas et al., 1997) . In those studies, the volatiles were isolated from boiled chicken meat or pressurecooked meat by simultaneous distillation/extraction, or from boiled chicken by direct extraction. A number of differences in key odorants between chicken meat and soup stock were expected in this study; methylpyrazine and 2-ethyl-4-methylthiazole were found as primary odorants of chicken soup stock for the first time.
These odorants might be formed by reactions between aqueous components during the cooking of chicken soup stock, and further study is necessary to confirm the mechanisms responsible for their generation, as well as differences in key odorants of chicken products.
